Poliovirus RNA that has been derivatized at the 3'-end with NaIO4-NaB3H4 yields, after hydrolysis with alkali or RNase T2, predominantly labeled residues of modified adenosine; no labeled nucleoside derivative is produced by digestion with RNase A or RNase Ti. 
RNA, Type 1 (Mahoney). Since this mammalian virus reproduces in the cell cytoplasm, these observations may modify prior interpretations of the function of polyadenylate ends on messenger RNAs.
Terminal nucleotide sequences of mammalian messenger RNAs have become of particular interest recently due to the finding that untranslated polyadenylic acid linked to the messenger might play a role in the processing of nuclear precursor RNA (1) (2) (3) (4) (5) . During infection of suitable cells, the single-stranded RNA of poliovirus serves as template in viral RNA replication and also as mRNA for virus-specific protein synthesis (6) . Thus, poliovirus RNA is a convenient source of homogeneous mRNA for sequence studies with respect to structure-function relationships in mammalian protein synthesis. Since poliovirus multiplies in the cytoplasm with no nuclear functions of the mammalian host cell involved (6) , structural differences found between the viral RNA and host-cell mRNA might also elucidate mechanisms relevant to their different pathways of biosynthesis: nuclear transcription and cytoplasmic replication. * This is paper II in the series, "Sequence Studies of Poliovirus RNA." An abstract of this work appeared in Bacteriol. Proc. 236 (1972) . 1877 We have been studying the 3'-terminal nucleotide sequence of poliovirus RNA to try to identify the terminal oligonucleotide produced by RNase Tl digestion by chemical labeling methods (7, 8) or by specific isolation procedures (9) . These methods have successfully been used in sequence studies of bacteriophage RNA (9, 10) and of plant virus RNA (8); however, when applied to poliovirus RNA, they did not yield a terminal oligonucleotide of a chain length commonly found in viral RNA (3-15 nucleotides long). As will be shown below, end-group analysis identified the 3'-terminal bases of poliovirus RNA as ... AAOH, which sequence differs from the Labeled poliovirus was isolated from spinner cultures of HeLa cells grown in a phosphate-free medium containing 200-250 jiCi/ml of carrier-free 32PO4 7 hr after infection (13) . The specific activities were 5 X 10&-9 X 105 cpm/ttg RNA.
Poliovirus RNA was isolated from purified virus by treatment with phenol, or with dodecyl sulfate at pH 4, and further purified by centrifugation at 250 through a 15-30% sucrose gradient containing 0.1 M NaCl-0.01 M Tris * HCl(pH 7.4)-2.5 mM EDTA-0.3% sodium dodecyl sulfate (13).
3'-End Labeling of Poliovirus RNA. Poliovirus RNA, 38-175 pmol, was oxidized with NaIO4 at pH 5; the products were reduced with NaB8H4 at pH 8 (14) . The labeled RNA was purified on Sephadex G-25 and/or by precipitation three times with ethanol in the presence of carrier tRNA. Aliquots were hydrolyzed with alkali or with enzymes (see below) and analyzed by two-dimensional thin-layer chromatography in the presence of the hydroxymethyl diethyleneglycol derivatives of the four nucleosides A, GI U, and C. Markers were synthesized (7) For size analyses, the poly(A)-like polynucleotide obtained by Millipore binding was used without further purification. For sequence analyses, the polynucleotide was freed of contamination as follows: the ethanol precipitate was dissolved in 1 ml of 0.3 M NaCl-5 mM Tris-HCl, (pH 7.4)-7 M urea, and applied to a DEAE-Sephadex column (bed volume 1 ml) equilibrated with the same buffer. Elution was with a linear NaCl gradient (total volume: 50 ml) from 0.3 to 0.7 M in 5 mM Tris-HCl (pH 7.4)-7 M urea, with a flow rate of 8 ml/hr. 1 to 1.5-ml fractions were collected and monitored for absorbance at 260 nm and for radioactivity. Peak (17) ] were used as markers. The gels were sliced (13) or scanned at 280 nm in a Gilford model 2410-S linear transport attached to a Gilford model 2400-S Spectrophotometer. At this wave length, the background was considerably lower than at 260 nm.
Analytical Procedures and Radioactive Counting. Column chromatography, high-voltage paper electrophoresis, methods for counting radioactive samples, and procedures for autoradiography were described (8, 13) . Thin-layer chromatograms were developed in the first dimension with either isopropanol-concentrated ammonia-water 7:1:2, Solvent I, or n-butyl alcohol-n-propyl alcohol-concentrated ammoniawater 65:5:10:20, Solvent II, and in the second dimension with water saturated n-butyl alcohol (Solvent III) (8) .
RESULTS
Identification of the 3'-Terminal Bases. Of the methods described in the literature to identify the 3'-terminal base of high molecular weight RNA, the most sensitive is that of RajBhandary (7). The 3'-terminal nucleoside (N) is converted into a tritium-labeled hydroxymethyl diethylene glycol derivative (N') by oxidation with periodate, followed by reduction with NaB'H4. We have labeled poliovirus RNA with periodate-borohydride, degraded the derivative (in the presence of carrier tRNA) with KOH, RNase A, RNase T1, or RNase T2, and separated the products by two-dimensional thin-layer chromatography in the presence of appropriate markers (8) .
As can be seen from Table 1 , the majority of tritium label incorporated into the end-group specific derivative (N') after alkaline hydrolysis or digestion with RNase T2 was associated with A'. The results were identical when two different solvents were used for the two-dimensional thin-layer chromatography; thus, adenosine is the 3'-terminal nucleoside of poliovirus RNA.
If the penultimate base at the 3'-end were a pyrimidine residue, hydrolysis with RNase A should also give rise to labeled A', since RNase A cleaves the phosphodiester linkage between a 3'-terminal adenyl hydroxymethyl diethylene glycol and a pyrimidine nucleoside (19) [Tl] poly(N) bind to Millipore filter at high salt concentrations (2) , and are resistant to RNase A and RNase T1, respectively, their main component is probably adenylic acid. Poly(A)-like polynucleotides, labeled with 82p, were isolated by Millipore filter binding and treated with alkali; the hydrolysates were analyzed by paper electrophoresis. More than 90% of the counts were associated with Ap. Various amounts of labeled Gp, Up, and Cp, however, were also observed, due to contaminants (see above). For sequence studies, the adenine-rich fragments were further purified on DEAE-Sephadex columns, and digested with specific enzymes; the products were analyzed by paper electrophoresis. The results (Table 2) (Table 2 ). As will be shown below, n indicates only an average chain length of the fragments.
The fact that [Ti] 100 pmol of poliovirus RNA were labeled at the 3'-end as described above, and then combined with 1.6 X 106 cpm of poliovirus [32P]RNA and digested with RNase T1. The poly(A)-like polynucleotide was purified by two membrane binding steps, and analyzed on a DEAE-Sephadex column in 7 M urea (Fig. 2). [Tl]poly(N) was labeled with tritium, although the background in the column fractions is high due to exchangeable radioactivity. The adenine-rich fragment, recovered from the column fractions, was analyzed for the 3'-terminal base by alkaline hydrolysis and subsequent thinlayer chromatography. In two independent experiments, 98.5 4h 0.7% of the counts coincided with A', the rest of the counts (1.1%) were found with G'. We terminal poly(A) was eluted from DEAE-Sephadex with a steep gradient of NaCi, and its identity was confirmed by analysis of its alkaline hydrolysate. The amount of poly(A) contained in about 2 X 106 cpm of poliovirus RNA (3 experiments) was 1.14 ± 0.02%. This value is in agreement with the content of poly(A) in poliovirus RNA as calculated from sequence analyses, suggesting that each RNA molecule may be terminated with polyadenylic acid. This is supported by the finding that even in the presence of a 4-fold excess of tRNA, all intact viral RNA is retained on a Millipore filter after filtration in 0.5 M KCl (G. Brawerman, personal communication, and our own results); however, in the presence of a large excess of tRNA (that is, under the conditions used for the binding of the terminal fragments) only 8% of the viral RNA binds to the filter.
The structure of the adenine-rich fragments and the content of poly(A) indicate that poliovirus RNA does not contain internal polyadenylic acid sequences.
Gel Electrophoresis of the Terminal Poly(A). Electrophoresis of the 3'-terminal fragment of poliovirus RNA in polyacrylamide gels did not yield a single peak of poly(A), as has been described for poly(A)-rich fragments found in cellular RNA (3) or in adenovirus-specific RNA (5). The [RNase A]poly(N) fragment of poliovirus RNA is distributed (Fig. 3) The graph is a composite of three gels.
